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PYRROLO[3,4-C]CARBAZOLE AND PYRIDO[2,3-B]PYRROLO[3,4.E]INDOLE COMPOUNDS, 
A PROCESS FOR THEIR PREPARATION AND PHARMACEUTICAL COMPOSITIONS 

CONTAINING THEM 

The present invention relates to new pyrrolo[3,4-c]carbazole and pyrido[2,3-b]pyrrolo- 
[3 ,4-e] indole compounds, to a process for their preparation eind to pharmaceutical 
compositions containing them. 

The needs of anti-ciancer therapy call for the constant development of new anti- 
proliferative agents, with the aim of obtaining mediceiments that are both more active and 
better tolerated. The compounds of the present invention have anti-tumour properties in 
particular, which accordingly render them useful in the treatment of cancers. 

Among the types of cancers which can be treated with the compounds of the present 
invention there may be mentioned, without implying any limitation, adenocarcinomas and 
carcinomas, sarcomas, gliomas and leukaemias. 

By virtue of their properties, the compounds of the invention can advantageously be 
associated with the totality of the cytotoxic treatments currently in use, as well as with 
radiotherapies, whose toxicity is not increased thereby, and with the various hormone 
therapies directed against cancers (breast and prostate). 

Patent applications WO 95/07910 and WO 96/04906 describe indole compounds and claim 
them on the one hand for their anti-viral activity and on the other hand for the treatment 
and prevention of restenosis. Patent applications WO 00/47583, WO 97/21677 and 
WO 96/1 1933 disclose cyclopenta[g]pyrrolo[3,4-e]indole compounds which are fused on 
the indole moiety and the cyclopentene moiety of the compounds to an aromatic or non- 
aromatic ring system and which optionally contain hetero atoms. Those compounds have 
pharmacological activities which render them useful especially in the treatment of cancer. 
Patent application WO 01/85686 describes pyrroio[3,4-c]carbazole compounds for use in 
the treatment of neurodegenerative diseases, inflammations, ischaemia and cancer. 
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The present invention relates more specifically to compounds of formula (I): 

(I) 




wherein: 

• A represents a ring having 6 ring members which is saturated or partially or wholly 
unsaturated, wherein the unsaturation optionally confers an aromatic nature on the ring. 



• Z represents one or more identical or different groups of the formula U-V wherein: 
^ U represents a single bond, or a linear or branched (Ci-C6)alkylene chain which is 
optionally substituted by one or more identical or different groups selected from 
halogen and hydrojQ^ and/or which optionedly contains one or more unsaturated 
bonds, 

V represents a group selected from a hydrogen atom, a halogen atom and the groups 
cyano, nitro, azido, linear or branched (Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which 
the alkyl moiety may be linear or branched, hydroxy, linear or branched (Ci-Ce)' 
alkoxy, aryloxy, aryl(Ci-C6)alkoxy in which the alkoxy moiety may be linear or 
branched, formyl, carboxy, aminocarbonyl, NR3R4, -C(0)-Ti, -C(0>-NR3-Ti, 
.NR3-C(0)-Ti, -CM::(0)-Ti, -C(0)-0-Ti, ^0-T2-NR3R4, -0-T2^R3, 
-O-T2-CO2R3, -NR3-T2-NR3R4, -NR3-T2-OR3, -NR3-T2-CO2R3 and -S(0)t-R3, 
wherein: 

^ R3 and R4, which are identical or different, each represents a group selected from a 
hydrogen atom and the groups linear or branched (Ci-C6)alkyl, aryl, and 
aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, or 

«=> R3+R4 form together, with the nitrogen atom carrying them, a saturated, 
monocyclic or bicyclic heterocycle which has from 5 to 10 ring atoms and 
optionally contains within the ring system a second hetero atom selected from 
oxygen and nitrogen and which is optionally substituted by a group selected from 
linear or branched (C|-C6)alkyl, aryl, aryl(C|-C6)alkyl in which the alkyl moiety 
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may be linear or branched, hydroxy, linear or branched (Ci-C6)alkoxy, amino, 
linear or branched mono(Ci-C6)alkylamino, and di(Ci-C6)alkylamino in which the 
alkyl moieties may be linear or branched, 
•=> Tj represents a group selected from linear or branched (Ci-C6)alkyl optionally 
substituted by a group selected from -OR3, -NR3R4, -CO2R3, -C(0)R3 and 
-C(0)NR3R4 wherein R3 and R4 are as defined hereinbefore, aryl, and aryl(Ci-C6)- 
alkyl in which the alkyl moiety may be linear or branched, or Ti represents a linear 
or branched (C2-C6)alkenyl chain optionally substituted by a group selected from 
-OR3, -NR3R4, -<:02R3, ^(0)R3 and -C(0)NR3R4 wherein R3 and R4 are as 
defined hereinbefore, 

T2 represents a linear or branched (CrC6)allcylene chain, 
O t represents an integer from 0 to 2 inclusive, 
or a methylenedioxy or ethylenedioxy group 

• Wi, with the carbon atoms to which it is bonded, represents a phenyl group or a pyridyl 
group. 



• W2 represents a group selected from: 




wherein R6 represents a group selected from a hydrogen atom and the groups linear or 
branched (C|-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the alkyl moiety may be linear or 
branched, -OR3, -NR3R4, -O-T2-NR3R4, -ISfR3-T2-NR3R4, linear or branched (Ci-Ce)- 
hydroxyalkylamino, di((C|-C6)hydroxyalkyl)amino in which the alkyl moieties may be 
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linear or branched, -C(0)-R3 and -NH-C(0)-R3, or Re represents a linear or branched 
(Ci-C6)alkylene chain substituted by one or more identical or different groups selected 
from halogen atoms and the groups cyano, nitro, -OR3, -4sIR3R4, -CO2R3, -C(0)R3, linear 
or branched (Ci-C6)hydroxyalkylamino, di((Ci-C6)hydroxyaIkyl)amino in which the alkyl 
moieties may be linear or branched, and -C(0)-NHR3, the groups R3, R4 and T2 being as 
defined hereinbefore, 

• Xi represents a group selected from a hydrogen atom and the groups hydroxy, linear or 
branched (Ci-C6)alkoxy, mercapto and linear or branched (Ci-C6)alkylthio, 

• Yi represents a hydrogen atom, or 

• Xi and Yi form together, with the carbon atom carrying them, a carbonyl or 
thiocarbonyl group, 

• X2 represents a group selected from a hydrogen atom and the groups hydroxy, linear or 
branched (Ci-C6)alkoxy, mercapto and linear or branched (Ci-C6)alkylthio, 

• Y2 represents a hydrogen atom, or 

• X2 and Y2 form together, with the carbon atom carrying them, a carbonyl or 
thiocarbonyl group, 

• Ri represents a group selected from a hydrogen atom, a linear or branched (Ci-C6)alkyl 
group optionally substituted by one or more groups hydroxy, linear or branched (Ci-Ce)- 
alkoxy, linear or branched (Ci-C6)hydroxyalkoxy or NR3R4, the groups R3 and R4 being as 
defined hereinbefore, or Ri represents a group of the formula C(0)-0-T3 wherein: T3 
represents a linear or branched (Ci-C6)alkyl group, an aryl group or an aryl(Ci-C6)alkyl 
group in which the alkyl moiety may be linear or branched, or R| represents a group of 
formula (a): 




R 



(a) 



wherein: 
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^ Raj Rb» Rc and Rd, which are identical or different, each independently of the others 
represents a bond or a group selected fh>m a hydrogen atom, a halogen atom and the 
groups hydroxy, linear or branched (Ci-C6)alkoxy, aryloxy, aryl(Ci-C6)alkoxy in 
which the alkoxy moiety may be linear or branched, linear or branched (Ci-C6)alkyl, 
aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, aryl, -NR3R4 
wherein R3 and R4 are as defined hereinbefore, azido, -N=NR3 (wherein R3 is as 
defined hereinbefore), and -0-C(0)-R5 wherein R5 represents a linear or branched 
(Ci-C6)alkyl group (optionally substituted by one or more groups selected fi-om 
halogen, hydroxy, amino, linear or branched (Ci-C6)alkylamino and di(Ci-C6)- 
alkylamino in which the alkyl moieties may be linear or branched), or R5 represents 
aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
cycloalkyl or heterocycloalkyl, 

^ Re represents a methylene group (H2C==) or a group of the formula -Ui-Ra wherein 
Ui represents a single bond or a methylene group and Ra is as defined hereinbefore, 

^ n has the value 0 or 1, 

it being understood that the group of formula (a) is bonded to the nitrogen atom by Ra, Rb, 
Rc, Rd or Re, 

• Q represents a group selected firom an oxygen atom and a group NR2 wherein R2 
represents a group selected from a hydrogen atom and the groups linear or branched 
(Ci-C6)alkyl, aryl, aryl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
cycloalkyl, cycloalkyl(Ci-C6)alkyl in which the alkyl moiety may be linear or branched, 
-OR3, -NR3R4, -OT2-NR3R4, ^\IR3-T2^SIR3R4, linear or branched (Ci-C6)hydroxy- 
alkylamino, di((Ci-C6)hydroxyalkyl)amino in which the alkyl moieties may be linear or 
branched, -C(0>R3 and -NH-C(0)-R3, or R2 represents a linear or branched (Ci-Ce)- 
alkylene chain substituted by one or more identical or different groups selected from 
halogen atoms and the groups cyano, nitro, -OR3, -NR3R4, -CO2R3, -C(0)R3, linear or 
branched (C|-C6)hydroxyalkylamino, di((CrC6)hydroxyalkyl)amino in which the alkyl 
moieties may be linear or branched, and -C(0)-NHR3, the groups R3, R4 and T2 being as 
defined hereinbefore. 
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provided that when W|, with the carbon atoms to which it is bonded, represents an 
unsubstituted phenyl group or a phenyl group substituted by a bromine atom, Rj represents 
a group selected from a hydrogen atom and a glucopyranosyl or (2,3,4,6-tetra-O-benzyl- 
giucopyranosyi) group and R2 represents a hydrogen atom, then W2 represents a group 
selected from: 




wherein R6 is as defined hereinbefore. 



and provided also that when Wi, with the carbon atoms to which it is bonded, represents an 
unsubstituted phenyl group, R\ represents a hydrogen atom and R2 represents a methyl 
group, then W2 represents a group selected from: 




wherein R6 is as defined hereinbefore. 



to their enantiomers, diastereoisomers and also to addition salts thereof with a 
pharmaceutically acceptable acid or base, 

aryl being understood to be a phenyl, naphthyl, dihydronaphthyl, tetrahydronaphthyl, 
indenyi or indanyl group, each of those groups being optionally substituted by one or more 
identical or different groups selected from halogen, linear or branched (C|-C6)alkyl, linear 
or branched (Ci-C6)trihaloalkyl, hydroxy, linear or branched (C|-C6)alkoxy, and NR3R4, R3 
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and R4 being as defined hereinbefore. 

Among the pharmaceutically acceptable acids there may be mentioned, without implying 
any limitation, hydrochloric acid, hydrobromic acid, sulphiiric acid, phosphonic acid, 
acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, 
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid, oxalic acid, 
methanesulphonic acid, camphoric acid etc.. 

Among the pharmaceutically acceptable bases there may be mentioned, without implying 
any limitation, sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine etc.. 

Preferred compounds of the invention are those wherein Xi and Yi, with the carbon atom 
carrying them, together form a carbonyl group, and X2 and Y2, with the carbon atom 
carrying them, together form a carbonyl group. 

In an embodiment of interest, the group Q to which preference is given in accordance with 
the invention is a group NR2 wherein R2 is as defined for formula (I). 

According to an advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (LA): 




(lA) 



R 



wherein R|, R2, W| and Z are as defined for formula (I). 



According to a second advantageous embodiment, preferred compounds of the invention 
are compounds of formula (I) that correspond more especially to formula (IB): 
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R, 

wherein Ri, R2 and Z are as defined for formula (I). 

According to a third advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that corresf>ond more especially to formula (IC): 




\ 



wherein Ri, R2 and Z are as defined for formula (I). 

According to a fourth advantageous embodiment^ preferred compounds of the invention 
are compounds of formula (I) that correspond more especially to formula (ID): 




\ 



wherein Ri, R2, Re, Wi and Z are as defined for formula (I). 



According to a fifth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (IE): 
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wherein Ri, R2, R6 and Z are as defined for formula (I). 

According to a sixth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (IF): 




wherein Ri, R2, R6 and Z are as defined for formula (I). 

According to a seventh advantageous embodiment, preferred compoxmds of the invention 
are compounds of formula (I) that correspond more especially to formula (IG): 




wherein Ri, R2, W| and Z are as defined for formula (I). 



According to an eighth advantageous embodiment, preferred compounds of the invention 
are compounds of formula (I) that correspond more especially to formula (IH): 
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\ 



wherein Ri, R2 and Z are as defined for formula (I), 

According to a ninth advantageous embodiment, preferred compounds of the invention are 
compounds of formula (I) that correspond more especially to formula (11): 




wherein Ri, R2 and Z are as defined for formula (I). 

According to a tenth advantageous embodiment, preferred compoimds of the invention are 
compounds of formula (I) that correspond more especially to formula (IJ): 




\ 



wherein R|, R2, Wi and Z are as defined for formula (I). 



According to an eleventh advantageous embodiment, preferred compounds of the 
invention are compounds of formula (1) that correspond more especially to formula (IK): 
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According to a twelfth advantageous embodiment, preferred compounds of the invention 
are compounds of formula (I) that correspond more especially to formula (IL): 




(IL) 



wherein Ri, R2 and Z are as defined for formula (I). 



Advantageously, the group Ri to which preference is given in accordance with the 
invention is a hydrogen atom, a group of the formula C(0)-0-T3 wherein T3 represents a 
linaer or branched (Ci-C6)alkyl group, or a glucopyranosyl group of the formula: 




In an embodiment of interest, the group R2 to which preference is given in accordance with 
the invention is a hydrogen atom or a linear or branched (Ci-C6)alkyl group. 

Advantageously, the group Re to which preference is given in accordance with the 
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invention is a hydrogen atom. 

Compounds of the invention to which preference is given are: 

> pyrrolo[3',4':5,6]indolizino[8,7-b]mdole- 1 ,3 [2//,8//l-dione, 

> 1 1 -bromopyrrolo[3\4':5,6]indolizino[8,7-b] indole- 1 ,3 [2//,8i/l-dione, 

> 1 l-chloropyrrolo[3*,4*:5,6]indolizino[8,7-b]indole-l ,3[2//,8//]-dione, 

>^ imidazo[2', 1 ':6, 1 ]pyrrolo[3*,4':4,5]pyrido[2,3-b]indole-l ,3(2i/,8//)-dione. 

The enantiomers, diastereoisomers and addition salts with a pharmaceutically acceptable 
acid or base of the preferred compoimds form an integral part of the invention. 

The present invention relates also to a process for the preparation of compounds of 
formula (I), characterised in that there is used as starting material a compound of 
formula (II): 



wherein R2a represents a hydrogen atom or a methyl group and Xi, Yi, X2 and Y2 are as 
defined for formula (I), 

which compound of formula (II) is treated with an alkylmagnesium halide in the presence 
of a compound of formula (III): 



wherein W| and Z are as defined for formula (I), to yield a compound of formula (IV): 
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H 

wherein Raa, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (TV) is reacted with di-rer^-butyl dicarbonate in the presence 
of 4-dimethylaminopyridine to yield a compound of formula (V): 




\ 

Bog 

wherein Boc represents a ^er^butylcarbonyloxy group and Ria, Xi, Yi, X2, Y2, Wi and Z 
are as defined hereinbefore, 
which compound of formula (V) is: 



• either treated with an alkylmagnesium halide in the presence of a pyrrolyl compound to 
yield a compound of formula (VI): 




Boc 



wherein R6 is as defined for formula (I) and Boc, R2a, X|, Yi, X2, Y2, Wi and Z are as 

defined hereinbefore, 

which compound of formula (VI) is: 
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* either irradiated with a halogen lamp to yield a compound of formula (I/a), which 
is a particular case of the compounds of formula (I): 



(I/a) 




wherein R^, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/a) is optionally treated with formic acid to yield a 

compound of formula (I/b), which is a particular case of the compoimds of formula (I): 



(I/b) 




wherein Re, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



* or treated with palladium black in the particular case where Re represents a 
hydrogen atom, to yield a compound of formula (I/c), which is a particular case of the 
compounds of formula (I): 




(I/c) 



wherein Boc, Ria, X|, Yi, X2, Y2, Wi and Z are as defined hereinbefore, which compound 
of formula (I/c) is optionally subjected to the same reaction conditions as the compound of 
formula (I/a) to yield a compound of formula (I/d), which is a particular case of the 



wo 2004/035582 PCT/FR2003/003021 

- 15- 

compounds of formula (I): 




(I/d) 



H 

wherein R2a, X,, Y,, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with lithium hexamethyldisilazane in the presence of a pyrrolyl compound to 
yield a compound of formula (VII): 




(Vn) 



wherein Boc, R^, Rja, X,, Y,, X2, Y2, W, and Z are as defined hereinbefore, 
which compound of formula (VII) is irradiated with a halogen lamp, in an apolar and 
aprotic solvent, to yield a compound of formula (I/e), which is a particular case of the 
compoimds of formula (I): 




(I/e) 



wherein Boc, Re, R2a, Xi, Y,, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/e) is optionally subjected to the same reaction conditions as 

the compound of formula (I/a) to yield a compound of formula (I/f), which is a particular 
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case of the compounds of formula (I): 




wherein R6, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of imidazole to yield a 
compound of formula (VIII): 




(vm) 



H 



wherein R2a, Xj, Yj, X2, Y2, W| and Z are as defined hereinbefore, 
which compound of formula (VIII) is treated with a compound of formula (DC): 

R,a-G (K) 

wherein Ria, which is other than a hydrogen atom, has the same definition as Ri in 
formula (I) and G represents a hydroxy group or a leaving group, 
to yield a compound of formula (X): 




(X) 



wherein Ria, R2a, Xi, Y|, X2, Y2, Wi and Z are as defined hereinbefore. 
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which compounds of formula (X) are irradiated with a halogen lamp to yield compounds of 
formulae (I/gi) and G/ga), which are particular cases of the compounds of formula (I): 




(I/g^) 

wherein Ru, Raa, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compounds of formulae (I/gi) and (I/g2) are optionally treated with manganese 
dioxide to yield compounds of formulae (I/hi) and (I/hi), which are particular cases of the 
compoimds of formula (I): 




wherein R,a, R2a. Xi, Y,, X2, Y2, Wi and Z are as defined hereinbefore, 

which compounds of formulae (I/h|) and (I/h2) are optionally subjected to the same 
reaction conditions as the compound of formula (I/a), in the particular case where Ru 
represents a rer/-butylcarbonyloxy group, to yield compounds of formulae (I/ii) and (l/ii), 
which are particular cases of the compounds of formula (I): 
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wherein Raa, Xi, Yi, X2, Y2, W| and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of an imidazolyl 
compound (XI): 




wherein R7 represents a secondary-amine-protecting group known to the person skilled in 
the art, to yield a compound of formula (XII): 




(XII) 



wherein R2a, R7, Xi, Y,, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of formula (XII) is subjected to the same reaction conditions as the 
compound of formula (VIII) to yield a compound of formula (XIII): 
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N 



pan) 



wherein R^, Raa, R7, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

in which compound of formula (XIII) the imidazolyl ring is deprotected by conventional 
methods of organic synthesis known to the person skilled in the art to yield a compound of 
formula (XIV): 




N 



(XIV) 



\ 

wherein Ru, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of formula (XIV) is treated with palladium black to yield a compound of 
formula (I/j), which is a particvdar case of the compounds of formula (I): 

X. 




2 

N 



N 



(I/j) 



"•la 



wherein Ru, R2a, Xi, Yi, X2, Y2, W| and Z are as defined hereinbefore. 
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which compound of formula (I/j) is optionally subjected to the same reaction conditions as 
the compoimds of formula (I/h) to yield a compound of formula (I/k), which is a particular 
case of the compounds of formula (I): 




^ /^N (I/k) 

H 

wherein Raa, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

• or treated with an alkylmagnesium halide in the presence of an imidazolyl 
compoimd PCV): 

\\ // (XV) 

wherein R7 is as defined hereinbefore, to yield a compound of formula (XVI): 




(XVI) 



wherein Ria, R7. X|, Yi, X2, Y2, W| and Z are as defined hereinbefore. 



which compound of formula (XVI) is treated with Raney nickel to yield a compound of 
formula (XVII): 
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^— N 



pcvn) 



wherein Rja, R7, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



which compound of formula (XVII) is subjected in succession to the same reaction 
conditions as the compounds of formulae (XH) and (XIII) to yield a compoimd of 
formula CXVm): 




(XVm) 



wherein Ria, Ria, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 



which compound of formula (XVIII) is: 



* either irradiated with a halogen lamp in the presence of palladium-on-carbon to 
yield a compound of formula (1/1), which is a particular case of the compounds of 
formula (I): 
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wherein Ru, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/l) is optionally subjected to the same reaction conditions as 
the compoxmds of formula (I/h) to yield the compounds of formula (I/m), which are a 
particular case of the compounds of formula (I): 




(I/m) 



wherein Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore. 



* or subjected to the same reaction conditions as the compound of formula (XTV) to 
yield the compounds of formula (I/n), which are a particular case of the compounds of 
formula (I): 




wherein Ria, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compounds of formula (I/n) are optionally subjected to the same reaction conditions 
as the compoimds of formula (I/l) to yield the compounds of formula (I/o), which are a 
particular case of the compoimds of formula (I): 
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(I/o) 



wherein R2a? Xi, Yi, X2, Y2, W| and Z are as defined hereinbefore. 



the compounds of formulae (I/a) to (I/o) constituting the compounds of formula (I/p): 




wherein A, Ri, R2a, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 



which compound of formula (I/p) is optionally treated with aqueous sodium hydroxide and 
then placed in the presence of hydrochioric acid to yield a compound of formula (I/q), 
which is a particular case of the compounds of formula (I): 




wherein A, Ri, X|, Y|, X2, Y2, Wi, W2 and Z are as defined hereinbefore. 



which compound of formula (I/q) is optionally treated with a compound of formula (XDC): 

R2b-NH2 (XIX) 

wherein R2b, which is other than a hydrogen atom and a methyl group, is as defined for R2 
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in formula (I), to yield a compound of foraiula (I/r), which is a particular case of the 
compoimds of formula (I): 




wherein A, Ri, R2b, Xi, Yi, X2, Y2, Wi, W2 and Z are as defined hereinbefore. 



which compounds of formulae (I/a) to (I/r) constitute the totality of the compoxmds of 
formula (I), which are purified, where necessary, according to conventional piorification 
techniques, which may be separated, if desired, into their different isomers according to a 
conventional separation technique, and which are converted, if desired, into their addition 
salts with a pharmaceutically acceptable acid or base. 



According to an embodiment of the invention, the compoimds of formula (I) wherein W2 
has the particular definition: 

\ 

N 




can be prepared starting from a compound of formula (XX): 

w. 



\Xy-0^ (XX, 



N N 
H H 



wherein Wi and Z are as defined for formula (I), 

which compoimds of formula (XX) are reacted with a compound of formula (XXI): 
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wherein R2. Xi, Y|, X2 and Y2 are as defined for formula (I), 
to yield a compound of formula pCXII): 




(XXII) 



wherein R2, X|, Yi, X2, Y2, W, and Z are as defined hereinbefore, 

which compound of formula (XXII) is treated with palladium-on-carbon to yield a 
compound of formula (I/s), which is a particular case of the compounds of formula (I): 




wherein R2, Xi, Yi, X2, Y2, Wi and Z are as defined hereinbefore, 

which compound of formula (I/s) is purified, where necessary, according to conventional 
purification techniques, may be separated, if desired, into its different isomers according to 
a conventional separation technique and is converted, if desired, into its addition salts with 
a pharmaceutically acceptable acid or base. 

The compounds of formulae (II). (HI), (K), (XI), (XV), pOX), (XX) and (XXI) are either 
commercially available compounds or are obtained according to conventional methods of 
organic synthesis which are readily accessible to the person skilled in the art. 

The compounds of formula (I) have especially valuable anti-tumour properties. The 
properties that are characteristic of the compounds allow them to be used in therapeutics as 
anti-tumour agents. 
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The compounds of the invention can also be used in therapeutic association with another 
anti-cancer agent such as, for example, paclitaxel, tamoxifen and its derivatives, cisptatin 
and its analogues, irinotecan and its metabolites, the various alkylating agents of which the 
leader is cyclophosphamide, etoposide, the vinca alkaloids, doxombicin and other 
anthracyclins and nitrosoureas. 

The present invention relates also to pharmaceutical compositions comprising as active 
ingredient at least one compound of formula (I), its optical isomers or an addition salt 
thereof with a pharmaceutically acceptable base or acid, alone or in combination with one 
or more inert, non-toxic, pharmaceutically acceptable excipients or carriers. 

Among the pharmaceutical compositions according to the invention there may be 
mentioned more especially those that are suitable for oral, parenteral (intravenous, 
intramuscular or subcutaneous), per- or trans-cutaneous, nasal, rectal, perlingual, ocular or 
respiratory administration, and especially tablets or dragees, sublingual tablets, gelatin 
capsules, capsules, suppositories, creams, ointments, dermal gels, injectable or drinkable 
preparations, aerosols, eye drops and nose drops, etc.. 

By virtue of the pharmacological properties that are characteristic of the compounds of 
formula (I), the pharmaceutical compositions comprising the said compounds of 
formula (I) as active ingredient are, accordingly, especially useful in the treatment of 
cancers. 

The useful dose varies according to the age and weight of the patient, the administration 
route, the nature and severity of the disorder and any associated treatments and ranges 
from 1 mg to 500 mg per day, in one or more administrations. 

The Examples that follow illustrate the invention, without limiting it in any way. The 
starting materials used are products which are known or are prepared according to known 
procedures. 



wo 2004/035582 PCT/FR2003/00302 1 

-27- 

The structures of the compounds described in the Examples were determined according to 
customary spectrophotometric techniques (infra-red, nuclear magnetic resonance, mass 
spectrometry, ...). 

PREPARATION A ; 2-aiy-Pvrrol-2-vn-lJy-indole 

The expected product is obtained according to the process described by V. Bocchi et aL 
(Tetrahedron, 1 984, 40, pp. 325 1 -3256). 

PREPARATION B ; S-(Benzvloxv)>2-ritf-Dvrrol-2-vn-liy-indole 
Step A : 5'(Benzylaxy)'3-bromo-IH-mdole 

A solution of bromine (4 mmol) in 20 ml of dimethylformamide is added dropwise to a 
solution of 5-benzyloxyindole (4 mmol) in 20 ml of dimethylformamide. The mixture is 
stirred at ambient temperature for 24 hours with the exclusion of light. The crude reaction 
mixture is poured into 200 ml of ice-water containing 1 ml of ammonium hydroxide and 
0.2 ml of sodium thiosulphate. The expected product is obtained by crystallisation, 
filtration over a frit and then washing with distilled water. 

Melting point : 89-92^C 

IR rKBrV Vnh = 3420 cm"^ 

Mass spectrum (FAB): 301.01 [M^] 

SteaB : 5'(Ben^loxy)-2-(JH'pyrrol-2-yl)-lH-indole 

To a solution of the compound obtained in the preceding Step (1.5 mmol) dissolved in 8 ml 
of anhydrous dichloromethane there is added a solution of pyrrole (1.5 nrniol) dissolved in 
7 ml of anhydrous dichloromethane, followed by trifluoroacetic acid (45 nl). The mixture 
is stirred at ambient temperature for 4 hours. The solution is rendered basic with several 
drops of ammonium hydroxide and then evaporated to dryness. Purification by 
chromatography on silica gel (ethyl acetate/cyclohexane : 2/8) yields the expected product. 
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Melting point : 178-182°C 

IR (KBr) : Vnh = 3380-3420 cm'* 

Mass spectrum (FAB); 289.13 [M+H^] 

PREPARATION C ; S-Bromo>2-(l/f-Dvrrol-2-vn-l/Mndoie 

The expected product is obtained according to the process described in Preparation B, 
starting from 5-bromo-indole. 

Melting point : 245°C 

IR (KBr^ : v^h = 3400, 3410 cm=* 

Mass spectrum (FAB): 259.99 [M^ 

PREPARATION D ; S-ChIoro-2-a/^pvrrol-2-vn-l/r-indole 

The expected product is obtained according to the process described in Preparation B, 
starting from 5-chloro-indole.. 

Melting point : 223-227''C 

IR (KBr) : v^h = 3400, 3420 cm^' 

Mass spectrum (FAB): 217.05 [M+H^ 

PREPARATION E ; Teri-hutvl 3-(4-bromo-l-methvl-2,S-dioxo-2>S>dihvdro-ljy- 
Pvrrol-3-vl)-lg-indole-l-carboxvlate 

Step A : 3'BromO'4-(lH'indol-3-yl)'l'methyl-IH-pyrrole''2,5-dione 

A solution containing 1.445 g of indole dissolved in 29 ml of dry tetrahydrofuran is 
brought to from -20 to -10°G, under argon, and then 26 ml of LiHMDS (1 M in hexane) 
are added dropwise in the course of 15 minutes. After 45 minutes at -10*^C, the solution is 
diluted with a further 15 ml of tetrahydrofuran, and a solution containing 2 g of N-methyl- 
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23-dibromomaleimide dissolved in 17 ml of tetrahydrofliran is added dropwise in the 
course of 30 minutes. After 15 minutes at -lO^C and 15 minutes at O^^C, the reaction is 
stopped by the addition at 0°C of 50 ml of a 0.3 N hydrochloric acid solution. The reaction 
mixture is extracted with ethyl acetate and the organic phases are washed with a saturated 
NaCl solution, dried over MgS04 and then evaporated under reduced pressure. The desired 
product is precipitated with methanol. 

Melting point : 167-168°C 

Step B : Tert'butyl 3'(4-br0ma-l'methyl'2,S-dwxo-2,5'^ihydrO'lH'pyrrol'3-yl)^^ 
indole^l^arboxylate 

A solution, imder an inert atmosphere, containing 1 g of the product obtained in Step A, 
30 mg of 4-dimethylaminopyridine, 1.58 g of di-/err-butyl dicarbonate and 15 ml of dry 
tetrahydrofliran is stirrred at ambient temperature for 24 hours. After removal of the 
solvents under reduced pressure, the crude reaction mixture is purified by chromatography 
on silica gel (petroleum ether/ethyl acetate/triethylamine : 8/2/1%), allowing the expected 
product to be isolated. 

Melting point : 137-138^C 

PREPARATION F ; Tert-hutvl 3-f4>bromo-l-inethvi-2.5-dioxo-2,S-dihvdro-l/r- 
Pvrrol-3-vl)-lg-Dy rrolo \23^b] pvridine-l-carboxviate 

Step A : 3'BromO'J-meihyl'^-(lH'-pyrrolof2,3^bJpyridin-'3''yl)-JH-pyrrole-2^ 

A solution of ethylmagnesium bromide is prepared from magnesium (12.7 mmol) in 
suspension in bromoethane (12.7 mmol) and dry tetrahydrofiiran (5 ml). The solution is 
stirred for one hour at ambient temperature, and then 7=azaindole (12.7 mmol) dissolved in 
40 ml of anhydrous toluene is added dropwise. After 1,5 hours* stirring at ambient 
temperature, a solution of N-methy 1-2,3 -dibromomaleimide (3.53 mmol) in 40 ml of 
anhydrous toluene is added dropwise. After 20 minutes, 60 ml of dry dichloromethane are 
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added and then the reaction mixture is stirred for 75 hours at 40®C and then hydrolysed 
with a saturated aqueous anunonium chloride solution. The organic product is extracted 
with ethyl acetate, and then the organic phases are combined, dried over magnesium 
sulphate and filtered. After evaporation of the solvent and purification of the residue by 
chromatography on silica gel (cyclohexane/ethyl acetate : 3/2), the expected product is 
isolated. 

Melting point : 158°C 

Step B : Tert-buiyl 3'(4-bronw-l-methyl'2,5'dioxO'2,5'dihydro-lH-pyrrol-3-yl)-^^ 
pyrrolo[2t3-b]pyridme-l'Carboxylate 

The expected product is obtained according to the process described in Step B of 
Preparation E, starting from the compound described in the preceding Step. 

Melting point : 102-1 03 

IR (KBr) : Vc=o^ 1710, 1740, 1770 cm"^ 

PREPARATION G : 2-(m-Pvrrol-2-vlVliy-Dvrrolo [23-61 pyridine 

A 2M solution of butyllithivim in cyclohexane (25 mmol) is added to a solution of N,N- 
diisopropylamine (25 nunol) in 30 ml of tetrahydrofuran at 0°C. 3-Methylpyridine 
(5.35nmiol) is added to 16 mmol of that lithium N,N-diisopropylamine solution. The 
reaction mixture is stirred for 10 minutes at O^C and then brought to -78''C, prior to the 
addition of 2-cyanopyrrole (5.35 nrmiol). The temperature is raised to 0°C over a period of 
1 .5 hours, prior to the addition of the remainder of the lithium N,N-diisopropylamine 
solution (9 mmol). The reaction mixture is then heated at 45''C for 5 hours. After the 
mixture has returned to ambient temperature, water and then a saturated aqueous sodium 
chloride solution are added. The mixture is extracted with ethyl acetate, and the organic 
phase is dried over magnesium sulphate, filtered and then concentrated. Purification by 
column chromatography on silica gel (ethyl acetate/cyclohexane : 6/4) yields the expected 
product. 
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Melting point : > 150°C (decomposition) 
IR rKBr) : v^h = 3420 cm'' 

EXAMPLE 1 ; Pvrrolor3\4^:5.61indolizinor8,7-Alindole-13(2/f>8/ndione 
Step A : 3-[2-(lH-Pyrrol-2-yl)-lH'indol-3-yl]-2,5-pyrroU^ 

A mixture of the compound of Preparation A (0.274 nmiol), of maleimide (0.548 nmiol) 
and a catalytic amount of SnCb in 15 ml of anhydrous toluene is heated under reflux for 
24 hours. After evaporation of the toluene, the resulting residue is purified by 
chromatography on silica gel (ethyl acetate/cyclohexane : 3/7) to yield the expected 
product. 

Melting point : 67-69^C 

IR (KBr) : Vc=o = 1700, 1780 cm * ; Vwh = 3100, 3500 cm"* 
Mass spectrum (FAB): 279.10 [M^] 

SteoB : iyrrolof3%4\5,6Jindolizinof8J-bJindole'I,3ft^ 

A suspension of the compoimd of the preceding Step (0.358 mmol) and of palladium black 
(0.358 mmol) in 5 ml of nitrobenzene is heated under reflux for 8 hours. The crude 
reaction mixture is cooled to ambient temperature, diluted with cyclohexane (5 ml) and 
placed on a frit containing a plug (5 to 6 cm) of silica gel. The nitrobenzene is eluted using 
cyclohexane then a cyclohexane/dichloromethane mixture (95/5). The product of the 
reaction is eluted using a dichloromethane/methanol/trifluoroacetic acid mixture 
(10/1/0.05). The resulting solution is concentrated and the residue is dissolved in ethyl 
acetate. That new solution is washed with a saturated sodium hydrogen carbonate solution, 
with water and then with a saturated sodium chloride solution, dried over magnesium 
sulphate, filtered and concentrated to yield the expected product. 



Melting point : 218-220''C 
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IR (KBtY . Vc=o = 1710, 1750 cm ' ; Vnh = 2900-3300 cm ' 
Mass spectrum (FAB): 275.07 [M*] 

EXAMPLE 2 ; 2-Methvlpvrrolof3'.4';5,61indolizinol8.7-ftlindole-13(2/r.8^dione 
Ste^A: i-Methyl-3-l2-(lH-pyrrol-2-yl)-lH-indol-3-yl]-2,5-pyrro^ 

The expected product is obtained according to the process described in Step A of 
Example 1, using N-methylmaleimide. 

Melting point : 142''C 

IRfKBr) : v^o = 1740, 1770 cm^' ; Vnh = 3200-3400 cm=* 
Mass spectrum (FAB): 294.12 [M+IT^ 

SteoB : 2'Methylpyrrolo[3%4*:Sy6]indoUzmo[8y7-*]mdole-l^(2H,8H)dione 

The expected product is obtained according to the process described in Step B of 
Example 1 , starting from the compoimd described in the preceding Step. 

Melting point : 226-228°C 

IR (KBrt : Vc=o = 1700-1750 cm"* ; Vnh = 3400 cm" 
Mass spectrum (FAB): 290.09 [M+IT^ 

EXAMPLE 3 ; ll-(BenzvlQxv>Dvrrolor3'.4':5.61indolizinor8.7-Mindole-13(2g»8g^- 
dione 

Ste2A:HHBenzyloxy)-2-(lH'pyrrol-2-yl)-lH-indol'3-ylI-2,S-pyrrolU^^ 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation B. 



Melting point : 103-107°C 
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IR (KBrt : Vc=o = 1690, 1740 cm"* ; Vnh = 3250-3440 cm ' 
Mass spectrum (FAB): 386.15 [M+H^] 

SteoB : lHBenzyloxy)pyrrolo[3%4\'5,6]indolizino[8J'b]ind 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : IIS^'C 

IR (KBr) : Vc=o = 1710, 1720 cm * ; Vnh = 3100-3500 cm ' 
Mass spectrum (FAB); 382.12 [M+H^] 

EXAMPL E 4 ; Il-Hvdroxvpvrrolor3\4^5.61indolizinor8.7-A1indole 13(2iy.8/n-dione 
Step A : 3'f5'Hydroxy'2-(IH-pyrrol-2'yl)'IH-indol'3-ylJ'2,5^^ 

A suspension of the compound of Step A of Example 3 (0.259 mmol) and 10% palladium- 
on-carbon (25 mg) in a mixture of ethyl acetate (5 ml) and methanol (10 ml) is 
hydrogenated at 1 atmosphere for 24 hours. After filtration of the mixture over Celite, the 
solid is washed with ethyl acetate and methanol. The filtrate is concentrated, allowing the 
expected product to be obtained. 

Melting point : 178-180^C 

IR (KBr) : Vck> = 1700, 1720 cm * ; Vnh.oh = 3000-3500 cm * 
Mass spectrum (FAB): 295.09 [M+lT] 

SiepB : Il'Hydroxypyrrolof3%4\5,6Jindolizinof8,7-bJindoi^^^ 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : > 275''C 
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IR fKBrt : Vc=o =1710, 1740 cm ' ; Vnh.oh = 3000-3300 cm ' 

EXAMPLE 5 ; ll-fBenzvlQxv)-2-methvlpvrroio[3'.4'r5.61mdolizinof8.7-Alindole-13- 
(2H,SH)-dione 

Step A : 3-[S-(Benzyloxy)-2-(lH-pyrrol-2-yl)-lH-indol-3-ylJ-l-methyl-2,5-pyrrolM^ 
dione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compoimd described in Preparation B and N- 
methylmaleimide. 

Melting point : 89=94°C 

IR TKBr) : Voo = 1680-1700 cm"' ; Vnh = 3300-3420 cm"' 
Mass spectrum (FAB): 400.17 [M+lt] 

Step B : ll-(Benzyloxy)-2-methylpyrrolo[3%4':5,6Jindolizino[8J-b]indole-l,3(2H,8H^^ 
dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : 120''C 

IR (KBr) : Voo = 1680-1700 cm ' ; Vnh = 3200-3600 cm^' 
Mass spectrum (FAB): 396.13 [M+PI*] 

EXAMPLE 6 : ll-Hvdroxv-2-methvlpvrrolo[3'.4';5.61indoiizinof8.7-Mindole-13- 

Step A : 3-l5-Hvdroxv-2-(lH-Pvrrol-2-vh-lH-indol-3-vn-l-methvl-2.S-pvrrolidinedione 
The expected product is obtained according to the process described in Step A of 
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Example 4, starting from the compound described in Step A of Example 5. 



Meltine point : 148-1 54'*C 

IR (KBr) : Vc-o = 1680, 1720 cm ' ; Vnh.oh = 3300-3400 cm'' 
Mass spectrum (FAB): 310.12 [M+H""] 

SteoB : 1 l-Hydroxy-2-methylpyrroloi3 %4 ':S,6]indoUzino[8, 7-bJind0le-I,3(2H,8H-dione) 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : 192°C 

IR fKBr) : Voo = 1700, 1750 cm"' ; Vnh.qh = 3350-3420 cm"' 
Mass spectrum (FAB): 306.09 [M+lT] 

EXAMPLE 7 ; ll-BromoDvrrolol3'.4';5.61indolizino[8.7-Mindole-13(2g.8/n-dione 

Step A : 3-fS-Bronto-2-(lH-Dvrrol-2-vl)-lH-indol-3-yl]-2,S-pyrr0lidinedione 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation C. 

Melting point : 163°C 

IR rKBr) : Vc=o = 1720, 1780 cm'' ; vnh = 3260-3420 cm^' 
Mass spectrum (FAB): 357.01 [M^ 

SteoB : 1 1-Bromopyrrolo[3 ',4 ':5,6Jindolizinof8, 7-bJindole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 



Melting point : > 300°C 
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IR (KBtY . Vc-o = 1720 cm ' ; Vnh = 3200-3440 cm ' 
Mass spectrum (FAB): 352.98 [M"^] 

EXAMPLE 8 ; ll-Bromo-2-methvlpvrrolof3'.4';5.6]indolizinol8.7-Alindole- 
13(2g.8/n-dione 

Ste^A: S-f5-Bromo-2-(IH-pyrrol-2-yl)-IH-ind0l-3-yiJ-J'methyl-^^^ 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compoimd described in Preparation C and N-methyl- 
maleimide. 

Melting point : SPC 

IRfKBrV VoK, = 1750-1790 cm ' ; Vnh = 3340-3400 cm"' 
Mass spectrum (FAB): 371.03 [M^ 

SteoB : ll-Bromo-2-methylpyrrolo[3 ',4 ':5,6]indolizino[8, 7-b]indole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : > 300°C 

IR rKBrV voo = 1650-1690 cm ' ; Vnh = 3300-3500 cm"' 
Mass spectrum (FAB): 366.99 [M*] 

EXAMPLE 9 ; ll-ChloropvrroIo[3\4':5.61indolizinof8.7-&]indole-13(2/^.8^-dione 
StcEji: 3-fS-Chloro-2-(JH-pyrrol-2-yl)-IH-ind0l-3-yl/-2,5-pyrrolidm^ 



The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation D. 
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Meltine point : 138-144°C 

IR (KBrt : Vc=o = 1700, 1780 cm"' ; Vnh = 3100-3500 cm ' 
Mass spectrum (FAB): 316.06 [M+lf] 

Stes^: ll-Chloropyrrolol3\4':S,6Jindolizinol8J-b]indole-l^(2H^^ 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 

Melting point : 298-304''C 

IR (KBrt : voo= 1700, 1710 cm ' ; Vn„ = 3100-3400 cm ' 
Mass spectrum (FAB): 310.04 [M+H*] 

EXAMPLE 10 : ll-Chloro-2-methvlDvrrolor3\4';5.61indolizino[8.7-MindoIe-13- 
(2g.8£n^dione 

Ste£j±: 3-[S-Chloro-2-(lH-pyrrol-2-yl)-lH-mdol-3-yl]-l-methyl-2,5^^^ 

The expected product is obtained according to the process described in Step A of 
Example 1, starting from the compound described in Preparation D and N-methyl- 
maleimide. 

Melting point : 92-102°C 

IRrKBrt : Vc=o = 1690, 1770 cm"' ; Vnh = 3200-3500 cm " 
Mass spectrum (FAB): 327.08 [M^ 

SteoB : ll'Chloro-2-methylpyrrolo[3 ',4':5,6Jindoiizino/8, 7-b]indole-l,3(2H,8H)-dione 

The expected product is obtained according to the process described in Step B of 
Example 1, starting from the compound described in the preceding Step. 



Melting point : 249°C 



wo 2004/035582 PCT/FR2003/003021 

-38- 

IR fKBrt : Vc=o = 1690, 1710 cm * ; v^h = 3200-3600 cm ' 
Mass spectrum (FAB): 324.05 [M+H^] 

EXAMPLE 11 ; TgrT-butvl 2-methvl-13-dioxo-ia3,4-tetrahvdro-7/f-diPvrroIo- 
r3^-a:3,4-clcarbazoIe-7-carboxvlate 

Step A : Tert-butyl 3-[l-methyl'2,5'dioxO'4'(2'pyrrolyl)'2,S-dihydro-lH^ 
indoie~I-carboxyiate 

2M ethylmagnesium bromide in tetrahydrofuran (1.493 imnol) is added dropwise to a 
solution, maintained at 0°C, of pyrrole (1.493 mmol) in 3 ml of anhydrous tetrahydrofuran. 
After the mixture has retumed to ambient temperature, a solution of the compound 
described in Preparation E (0.553 mmol) in 6 ml of anhydrous tetrahydrofiiran is added 
dropwise. After 24 hours' stirring at ambient temperature, the reaction mixture is 
hydrolysed with an aqueous ammonium chloride solution and then extracted with ethyl 
acetate. The organic phases are combined, dried over magnesium sulphate, filtered and 
then concentrated. After purification by means of column chromatography on silica gel 
(ethyl acetate/cyclohexane/triethylamine : 1/4/1%), the expected product is isolated. 

Melting point : 82-83 

IR (KBr) : Vc=o = 1700-1740 cm"^ ; v^h = 3400 cm * 

Step B : Tert'biityl 2-meihyl-l,3-dioxo-l,2,3,4'tetrahydrO'7H'^ipyrrolo[^^^ 
carbazole^T-carbo^^late 

A solution of the compound described in the preceding Step (0.204 mmol) in 10 ml of 
acetonitrile, maintained in a water bath, is irradiated with a halogen lamp (500 W) for 
31 hours. After evaporation of the solvent and purification by means of column 
chromatography on silica gel neutralised with triethylamine (ethyl acetate/cyclohexane/- 
triethylamine : 3/7/1%), the expected product is isolated. 



Melting point : 172°C (decomposition) 
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IR fKBrt : Vc=o = 1690, 1740, 1760 cm-^ ; Vnh = 3300 cm * 
Mass spectrum fFABV 390.14 [M+H^] 

EXAMPLE 12 : 2- MethvM.7-dihvdro-l^-dipvrroiof3>2-a;3>4-c]carbazole-13f2J^- 
dione 

The compound described in Example 11 (0.164 mmol) is dissolved in 40 ml of fomiic 
acid. After 16 hours' stirring at ambient temperature, the solution is neutralised by the 
dropwise addition of triethylamine and then an aqueous sodium hydrogen carbonate 
solution. The mixture is extracted several times with ethyl acetate. The organic phases are 
combined and then washed with a saturated aqueous sodium chloride solution, dried over 
magnesium sulphate, filtered and then concentrated. After purification by column 
chromatography on silica gel (ethyl acetate/cyclohexane : 3/7), the expected product is 
isolated. 

Melting point : 292°C 

IR (KBr) : Vc=o = 1660, 1740 cm"^ ; v^h = 3320, 3380 cm"^ 
Mass spectrum (FAB): 290.09 [M+ff"] 

EXAMPLE 13 : T eri-hutvl 6-methvl-5,7^dioxo-5,6,7>7a-tetrahvdroimidazori,2>-fl]- 
Pvridof3 U' :4.51 pvrrolo r23-c] DvrroIor3>4-gl Dvridine-12f 4ag>-carboxvlate 

'Step A : 3'(lH'Imidazol'l'yl)'l'methyl'4-(lH-pyrrolo[2J-b]^^^ 
2,5-dione 

The expected product is obtained according to the process described in Step A of 
Example 1 1, starting from the compound described in Preparation F and imidazole. 



Melting point : 246-248^C 

IR rKBr) : Vc=o = 1710 cm*' ; Vn„ = 3320-3500 cm*' 
Mass spectrum (FAB): 296.1 1 [M-i-2H^] 
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Step B : Teri'butyl 3-f4-(lH-imidazol-Iryi)'l-meihyl-2,5-dioxO'2,S'diky 
ylJ^IH-pyrrolof2,3-bJpyridine'l-carboxylate 

The expected product is obtained according to the process described in Step B of 
Preparation E, starting from the compound described in the preceding Step. 

Melting point : 144-145''C 

IR (KBr) : Vc^ = 1720, 1740, 1780 cm*^ 

Mass spectrum (FAB): 394.15 [M+H^] 

Step C : Tert-butyl 6-methyi-5, J-dioxoS, 6, 7, 7a-tetrahydroimidazo[l,2-a]pyridO' 
[3 %2 ':4,5Jpyrroiof2,3-cJpyrrolof3,4^Jpyridine^l2(4aH)H:arboxylaie 

The expected product is obtained according to the process described in Step B of 
Example 11, starting from the compound described in the preceding Step. 

Melting point : 270^C 

IR (KBr) : Vc=o = 1 720, 1 750 cm^^ 

EXAMPLE 14 ; Tert-hutvl 6-inethvl-5,7-dioxo-6,7-dihvdroimidazo[l^-fllpvrido- 
[3\2*;4,Slpvrrolof23^1Pvrrolof3^4-g1pvridine^l2(5/n^carboxvlate 

Manganese dioxide (0.478 mmol) is added to a solution of the compoimd of Example 13 
(0.081 mmol) in 5 ml of anhydrous dichloromethane. The mixture is stirred at ambient 
temperature for 12 hours and then filtered over Celite® with dichloromethane and 
methanol. The expected product is obtained after evaporation of the solvents to dryness. 

EXAMPLE 15 : 6-Methvlimidazoria-alpvrido[3U';4.5]pvrrolo[23-c1pvrrolQ[3.4-gN 
pvridine-5^7(6iyj2//)-dione 



The expected product is obtained according to the process described in Example 12, 
starting from the compound described in Example 1 4. 
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Melting point : 258°C (decomposition) 

IR (KBrt : Vc=o =1710, 1760 cm"' ; Vnh = 3400-3450 cm ' 

Mass spectrum (FAB); 394. 1 5 [M+H^] 

EXAMPLE 16 : Tert-hutyl 2-methvM3-dioxo-233aa2c-tetrahvdroimidazofl.S>al- 
pvridof3'^*;4^51pvrrolof23-clPvrroIof3^4-elpvridine-8(l^-carboxvlate 

The expected product is obtained according to the process described in Step B of 
Example 11, starting from the compound of Preparation F. 

Melting point : 152^C 

IR (KBr) : Vc=o - 1720, 1750 cm ' 

EXAMPLE 17 : Tert-hutyl 2-methvl-13-dioxQ-23-dihvdroimidazori.5-g]pvrido- 
f3^^';4,51pvrrolo[23-clpvrrolo[3,4-g]pyridine-8(ljg)-carboxvlate 

The expected product is obtained according to the process described in Example 14, 
starting from the compound described in Example 16. 

EXAMPLE 18 ; 2-MethvlimidazorL5-alpvridof3U';4,S]pvrrolor23-c]pvrrolor3.4-e]- 
pvridine-1 3(2/f,8/n-dione 

The expected product is obtained according to the process described in Example 12, 
starting from the compound described in Example 17. 

Melting point : 304-307°C 

IR fKBr) : Vco = 1710, 1760 cm/' ; v^h = 3450 cm/' 
Mass spectrum (FAB): 292.08 [M+H^] 
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EXAMPLE 19 : 6-Methvl-7aa2-dihvdroiinidazofl>2-glDvridor3U';4,51pvrrolof23-cl- 

Pvrrolof3,4-e|pvridine-5,7(4a7y,6/n-dione 

A solution of the compound described in Step B of Example 13 (0.254 mmol) in 6 ml of 
acetonitrile is irradiated with a halogen lamp (500 W) for 6.5 hours. After evaporation of 
the solvent and purification by column chromatography on silica gel neutralised with 
triethylamine (tetrahydrofuran/toluene/triethylamine ; 3/7/1% to tetrahydrofiiran), the 
expected product is isolated. 

Melting point : 222-224''C 

IR rKBr^ : Vc=o = 1710, 1790 cm"^ ; v^h = 3480 cm"^ 
Mass spectrum (FAB): 294.10 [M+H^] 

EXAMPLE 20 ; 2-Methvl-8-(23.4.6-tetra-Q-acetvi-B-/>-glucopvranosvn-8.12c- 

dihvdroimidazofl.5-fllpvridor3'^';4,51pvrrolo[23-clpvrrolQr3,4-e]pvridine- 

13(2/f3ag)-diope 

Step A : S'(lH'Imidazol-l'yl)-I-methyl'4-fl-(2,3,4,6-ieira'^ 
nosyl)^lH^pyrrolof2,3r^bJpyridin^3=ylJ=lH^pyrrole^2,SHi^ 

2,3,4,6-Tetra-O-acetylglucopyranose (0.756 mmol) and triphenylphosphlne (0.756 mmol) 
are added to a solution of the compound described in Step A of Example 13 (0.341 mmol) 
dissolved in 1 1 ml of dry tetrahydrofiiran. The reaction mixture is cooled to -78°C, and 
then DEAD (0.756 nmiol) is added dropwise. The temperature is slowly raised to ambient 
temperature, and the reaction mixture is then stirred for a further 15 hours. After 
hydrolysis, the organic product is extracted with ethyl acetate. The organic phases are 
combined, dried over magnesium sulphate and filtered, and the solvent is evaporated off. 
After purification by chromatography on silica gel (cyclohexane/ethyl acetate : 7/3 to ethyl 
acetate), the expected product is isolated. 



Melting point : 88-90*^0 

IR (KBr) : Vck> = 1710, 1750 cm'^ 



wo 2004/035582 



-43- 



PCT/FR2003/00302 1 



Step B : 2'Meihyl'^'(2,S,4,6-ieira-0'acetyl'fi-D-gIucopyranosyl)-8J2c^^ 
ll,S-aJpyrido[3%2\4,5]pyrrolo[2,3'C]pyrrolo[3y4^^ 

A solution of the compound obtained in the preceding Step (0.208 mmol) in 10 ml of 
acetonitrile, maintained in a water bath, is irradiated with a halogen lamp (500 W) for 
6 hours, After evaporation of the solvent and purification by column chromatography on 
silica gel (ethyl acetate/cyclohexane : 3/7 to ethyl acetate), the expected product is isolated. 

EXAMPLE 21 : 2>Methvl>8-f23.4.6-tetra-Q-acetvl-B-l)-glucoDvranosvn-imidazo- 
ri,S-alDvridor3U';4,5lDvrrolor23-c]pvrroIof3,4-elDvridine-13f2/r>8^-dw^^ 

The expected product is obtained according to the process described in Example 14, 
starting from the compound described in Example 20. 

Melting point : 204°C 

IR fKBr) : Vc=o= 1710, 1720, 1750, 1760 cm"* 
Mass spectrum f FAB^ : 622.18 [M+H^] 

EXAMPLE 22 : 2-Methvl-^-(B-i)-glucopvranosvn-imidazori>S-g1pvridor3U';4,5] 
pvrrolor23-clpvrrolor3>4-g]pvridine-13(2g,8iy>>dione 

A IN solution of sodium methoxide (20 jxl) is added dropwise to a solution of the 
compound described in Example 21 (0.032 mmol) in 6 ml of anhydrous methanol. The 
mixture is stirrred at ambient temperature for 12 hours. The solvent is evaporated to 
dryness and the solid is washed on a frit with methanol, allowing the expected product to 
be isolated. 

Melting point : > SOO^'C 

IR (KBr) : Vc=o = 1710, 1720 cm*' ; Vkroh = 3240-3600 cm'* 
Mass spectrum (FAB): 454.14 [M+H"^] 
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EXAMPLE 23 ; 6-Methvl-12-(23A6-tetra-0-acetvNB-i>-glucopvranosvn-7a>12- 
dihydroimidazofl^-alpyridofS' J^;4,5]pvrrolQf23-clpvrrolof3.4-g]pvridMne- 
5.7(4a^.6/n-dione 

The expected product is obtained according to the process described in Step B of 
Example 20. 

EXAMPLE 24 : 6-MethvM2-(23>4,6-tetra-Q-acetvl-B-D-glucopvranosvn-imidazo- 
fl^^glpvridor3U';4,Slpvrrolor23^1pvrrolof3,4-e]pvridme.S,7(6^a2/n^dione 

The expected product is obtained according to the process described in Example 14, 
starting from the compoimd described in Example 23. 

Mass spectoim (FAB): 622.18 [M+H^] 

EXAMPLE 25 : 6>MethvM2-fB-/>-glucopvranosvlVimidazori^-alpvridof3U';4,S]- 
Pvrrolof23-clpvrrolof3,4-glpvridine-5^7(6/rj2/n-dione 

The expected product is obtained according to the process described in Example 22, 
starting from the compound described in Example 24. 

Melting point : 298''C 

IR TKBr) : Vc=o = 1710, 1720 cm"* ; Vnh,oh = 3240-3600 cm'* 

EXAMPLE 26 : Pvridor3'^';4.51pvrrolof3,2-glpvrrolor3,4>elindoIizine-13(2^,8i^- 
dione 

Step A : S-[2-(lH'Pyrrol'2'yl)'lH-pyrrolo[2,3-b]pyridin'3'yU^^^ 

A mixture, placed under argon, of the compound of Preparation G (0.546 mmol) and 
maleimide (5.46 mmol) in a water/methanol solution : 2/1 is heated at 50^C for 48 hours. 
The methanol is then evaporated off and a saturated aqueous sodium chloride solution is 
added to the mixture. The reaction mixture is extracted several times with ethyl acetate. 
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The organic phase is dried over magnesium sulphate, filtered and evaporated. Purification 
by colunm chromatography on silica gel (ethyl acetate/cyclohexane : 1/1 to 1.5/1) yields 
the expected product. 

Melting point : > 200°C (decomposition) 

IR (KBr) : Vc=o = 1700, 1770 cm"' ; v^h = 3300-3600 cm"^ 

StevB : Pyrido[3\2':4,5]pyrrolo[3,2-g]pyrrolo[3,4-eJin^ 

A suspension of the compound of the preceding Step (0.295 mmol) and of palladium black 
(0.295 mmol) in 5 ml of nitrobenzene is heated under reflux for 7 hours. The reaction 
mixture is filtered over silica gel, eluted with dichloromethane and then with tetrahydro- 
furan. Purification by column chromatography on silica gel (tetrahydrofiiran/dichloro- 
methane : 1/9 then 2/8) yields the expected product. 

Melting point : > 300^C (decomposition) 

IR (KBr) : Vc=o = 1720, 1760 cm * ; Vnh = 3150-3300 cm * 

PHARMACOLOGICAL STUDY OF COMPOUNDS OF THE INVENTION 

EXAMPLE 27 ; In vitro activity 

Four cell lines were used: 

• L1210 murine leukaemia 

• AS49 human non'Small-cell lung carcinoma 

• HT29 human colon carcinoma 

• DU145 prostate carcinoma 

L1210 murine leukaemia was used in vitro. The cells are cultured in RPMI 1640 complete 
culture medium containing 10% foetal calf serum, 2mM glutamine, 50 units/ml of 
penicillin, 50 jig/ml of streptomycin and lOmM Hepes, pH : 7.4. The cells are distributed 
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on microplates and are exposed to the cytotoxic compounds for 4 doubling periods, or 
48 hours. The number of viable cells is then quantified by a colorimetric assay, the 
Microculture Tetrazolium Assay (J. Carmichael et aL, Cancer Res . ; 47, 936-942 (1987)). 
The results are expressed as the IC50, the concentration of cytotoxic agent which inhibits 
the proliferation of the treated cells by 50 %. By way of example, the compound of 
Example 1 exhibits IC50 values of 3.1 |iiM on L1210, 1.99 \iM on A549, 3.3 ^M on HT29 
and 1.4^MonDU145. 

EXAMPLE 28 ; Pharmaceutical compositioii; injectable solution 



Compound of Example 9 

Distilled water for injectable preparations 



10 mg 
25 ml 



